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ABSTRACT 
Heavy applications of nitrogen fertilizers are often required to 
maintain good crop growth, especially in the case of green leafy vege¬ 
tables. However, high levels of nitrate in the soil resulting from the 
fertilization may result in contamination of groundwater supplies due to 
nitrate leaching and may also result in excessive accumulation of nit¬ 
rate in crop plants, especially green leafy vegetables. Consumption 
of vegetables high in nitrate can result in serious health effects in 
humans and animals. Cabbage and endive are two leafy crops that accumu¬ 
late substantial levels of nitrate. 
The objectives of this research were: (1) to determine whether sub¬ 
stantial differences in nitrate accumulation occur among cultivars of 
cabbage (Brassica oleracea var. capitata,L.) and endive (Chicorium 
endivia, L.), (2) to identify those cultivars with a low capacity for 
nitrate accumulation, (3) to ascertain whether leaf morphology and accumu¬ 
lation of nitrate are related in cabbage and endive by comparing nitrate 
accumulation in savoy-leaved and straight-leaved varieties, and (4) to 
investigate the effects of a nitrification inhibitor, 2-chloro-6-(trich- 
loromethyl) pyridine, on the growth and nutritional status, specifically 
the magnesium, calcium, potassium, and nitrate status, of cabbage and 
endive. A combination of field studies and greenhouse studies was used 
in this research. 
Under field conditions, significant differences in nitrate accumula¬ 
tion occurred among cultivars of cabbage at time of harvest. Two of the 
three straight-leaved varieties tested--Market Prize and Market Victor-- 
accumulated higher nitrate levels than all three savoy-leaved varieties 
V 
tested--Savoy Ace, Savoy King, and Chieftain Savoy, The third straight- 
leaved variety tested--Harris Resistant Danish—acciL’nulated the least 
nitrate. Pattern of nitrate accumulation was closely correlated with 
date of maturity, with the earliest-maturing variety, Market Victor, 
accumulating the highest levels of nitrate, and the latest-maturing 
variety, Harris Resistant Danish, accumulating the least nitrate. 
Significant differences in nitrate accumulation occurred in endive 
under field conditions, The straight-leaved, early-maturing variety, 
Florida Deep Heart, accumulated more nitrate than the curly-leaved, later- 
maturing variety. Green Curled, In spinach (Spinacia oleracea, L.), the 
savoy-leaved variety. Long Standing Bloomsdale, accumulated higher nit¬ 
rate levels than Hybrid 424, a smooth-leaved variety. 
Under greenhouse conditions, the same six cabbage varieties showed 
significant differences in nitrate accumulation after 40 days, but the 
differences were not significant after 65 days of growth. Differences in 
nitrate accumulation were not significant in endive after 40 or 65 days. 
The presence of 10 ppm of nitrapyrin, 2-chloro-6-(trichloromethyl) 
pyridine, resulted in a reduction in fresh weight and dry weight produc¬ 
tion of cabbage and endive grown under greenhouse conditions for 65 days. 
No visual foliar symptoms of nitrapyrin toxicity were evident. 
Calcium levels in cabbage were reduced in the presence of nitrapyrin 
regardless of nitrogen source. In endive, the presence of nitrapyrin 
resulted in a reduction in calcium when nitrogen was supplied as (NH^)^ 
SO and an increase in calcium when nitrogen was supplied as KNO . 
4 
Differences in magnesium content were due to nitrogen source, with 
highest levels occurring under ammonium nutrition. The presence of 
nitrapyrin had no significant effect on magnesium content in cabbage or 
endive. 
VI 
Potassium levels were increased in the presence of nitrapyrin 
when cabbage and endive were grown in soil not supplemented with pota¬ 
ssium. Differences in potassium levels due to the inhibitor were in¬ 
significant when KNO^ was supplied to the soil. 
vii 
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CHAPTER I 
INTRODUCTION 
The soil nutrient that plants require in greatest quantity is 
nitrogen. This element is a key building block of the protein mole¬ 
cule upon which all life is based, and it is thus an indispensable 
component of the protoplasm of plants, animals, and microorganisms (2), 
Nitrogen undergoes a number of interlocking transformations in 
the soil which are collectively referred to as the nitrogen cycle. 
One of the nitrogen transformations which is extremely important to 
agriculture is nitrification, which is the enzymatic oxidation of ammon¬ 
ium to nitrate. Nitrification involves two distinct steps: the oxida¬ 
tion of ammonium to nitrate and the subsequent oxidation of nitrite 
to nitrate. A variety of soil microorganisms are responsible for the 
nitrification reactions, but the most important are Nitrosomorras, which 
converts ammonium to nitrite, and Nitrobacter, which produces nitrate 
from nitrite (1,2). As a result of the nitrification process, nitrate 
is the major nutrient form of nitrogen in the soil that is available 
for plant utilization (1,2), Plants naturally absorb nitrate from the 
soil, and as a result this anion is accumulated in plants. 
Nitrate accumulation is influenced by a variety of factors including 
environmental conditions, genetic characteristics of the plant, and the 
level of nitrogen fertilization in the soil (53). A high accumulation of 
nitrate in crop plants can pose some health hazards for man and livestock 
(32). Also, a high level of nitrate in drinking water poses human health 
hazards. 
Genetic control of nitrate accumulation offers a possible means of 
1 
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controlling or restricting nitrate accumulation in crops (7). Identi¬ 
fying cultivars which accumulate relatively low levels of nitrate and 
using these cultivars in crop production would reduce the potential 
health hazards associated with nitrate in crops. This would be especially 
valuable with leafy vegetables such as spinach which have the capacity 
to accumulate substantial levels of nitrate and which are also heavily 
fertilized with nitrogen to promote dark green color, succulence and 
high yields(5). An indication of the potential value of cultivar selec¬ 
tion is given by the results of a study in which the use of a smooth¬ 
leaved variety of spinach, Tuftegard, instead of a savoy-leaved variety, 
Bloomsdale, resulted in a 74% reduction in nitrate concentration (16). 
Using cultivars with a low capacity for accumulation would have an 
additional advantage in that high levels of nitrogen fertilizers could 
still be applied but with a reduced risk of high nitrate accumulation. 
Finally, genetic variability in nitrate accumulation may have important 
implications for plant breeding in the future (24). 
Nitrate that is not absorbed by plants is subject to leaching in the 
soil. This may result in several environmental problems including the 
eutrophication of lakes and nitrate pollution of groundwater and possible 
contamination of drinking water. In addition, nitrate leaching represents 
a waste of a valuable product, nitrogen fertilizers. 
Two major problems result from nitrification in the soil--nitrate 
accumulation in plants and nitrate leaching in the soil, A method of 
circumventing the problems associated with nitrate is to slow or stop 
the nitrification process in the soil. A very promising tool is the use 
of nitrification inhibitors such as nitrapyrin, 2-chloro-6-(trichloro- 
3 
methyl) pyridine, which is highly toxic to Nitrosomonas and thus prevents 
the oxidation of ammonium to nitrate (28), However, before nitrifica¬ 
tion inhibitors become widespread in use, potential phytotoxicity of the 
products must be investigated thoroughly. 
CHAPTER II 
LITERATURE REVIEW 
Nitrate, though an important ion in plant nutrition, may be a 
significant environmental pollutant. It is deemed to be undesirable 
because of its potential role in eutrophication (2,30,32,34,35,38,53), 
animal methemoglobinemia (2,21,32,35,53,53), infant methemoglobinemia 
(2,30,32,34,35,38,53), and the formation of nitrosamines (2,23,32,36, 
53). Vegetation high in nitrate is potentially hazardous in humans or 
animals primarily through reduction of nitrate to nitrite before or 
after ingestion (21,30,32,35,53,54). Nitrite has adverse effects on 
red blood cells and muscle tissue (2, 53,54) and can react with second¬ 
ary amines to produce nitrosamines, some of which are carcinogenic, 
teratogenic, or mutagenic (23,36). The potential for nitrite toxicity 
can be minimized by reducing the uptake and accumulation of nitrate 
in crop plants. 
Several factors influence accumulation of nitrate in crop plants. 
Perhaps the most important external environmental factor which influ¬ 
ences nitrate accumulation is the level of nitrogen in the soil. It has 
been shown in many studies that high levels of nitrogen fertilizers in 
the soil lead to high levels of nitrate in vegetable crops (4,5,6,9,12, 
13.34.37.44.53.54) . In addition to the level of nitrogen, the nitrogen 
source, and the rate, time, and method of application all influence 
nitrate accumulation (4,5,38,44). Other external factors influencing 
nitrate accumulation are temperature (17,20,25,32,53,54), light (10,11, 
15.16.32.38.53.54) , and moisture stress (53,54), all of which can con¬ 
tribute to high nitrate levels in plants. 
Along with the environmental factors, cultivar also has an impact 
4 
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on nitrate accumulation (7,8,9,18,20,29,31,37,38,50,53,54). For ex¬ 
ample differences in nitrate accumulation among the Big Boston, Cos, 
and Great Lakes 659 lettuce cultivars have been found to be substantial 
(38). Barker and Maynard (4,7,37) and Cantliffe (18) found that sub¬ 
stantial differences occur among spinach cultivars. In a study with 
eighteen spinach cultivars. Barker, Maynard, and Mills (8) found that 
smooth-leaved cultivars accumulated less nitrate than savoy-leaved 
cultivars indicating a close relationship between leaf morphology and 
the ability to accumulate nitrate. Cantliffe (18) found differences in 
nitrate accumulation among cultivars of radish and snap beans. Grifith 
(29) observed differences in nitrate accumulation among grass strains. 
Differences among oat cultivars were found to be substantial in the 
research done by Crawford et al. (20), and also by Gul and Kolp (31). 
Nitrate levels are also dependent on plant characteristics. Leafy 
vegetables like spinach and lettuce, characteristically accumulate more 
nitrate than other crops (38), The highest concentrations of nitrates 
in vegetable foods occur when leaves, petioles, or stems constitute the 
edible portion of the plant. Forage crops like beet tops, rape and oat 
hay also have a high nitrate content (53). On the other hand, crops 
which are consumed as flowers or fruit including grain crops are gener¬ 
ally low in nitrate (38,53). 
The incorporation of nitrification inhibitors into the soil with 
ammonium or organic fertilizers offers a means of reducing nitrate 
leaching in the soil (26,28,33,45,47,48,52) and nitrate accumulation in 
plants (40,42,43,49,53), and thus reducing the health and environmental 
risks associated with high nitrate levels in plants, soil and water. 
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and would also help to conserve the nitrogen supply in the soil. 
A nitrification inhibitor which has been shown to be successful 
is nitrapyrin, or 2-chloro-6-(trichlororaethyl) pyridine (14,26,28,48). 
Mills, Barker, and Maynard (42) found that nitrate levels in the soil 
and nitrate accumulation in radish plants were effectively reduced when 
nitrapyrin was added to soil fertilized with (NH^)2S0^. However, 
some researchers have indicated adverse affects of nitrapyrin on plant 
growth. Zawistowska, Barker, and Glover (55) found a restriction of 
calcium and potassium uptake in cucumber seedlings grown in nutrient 
solution containing nitrapyrin. Mills, Barker, and Maynard (41) found a 
reduction in fresh and dry weight production in young bean, com, cucum¬ 
ber, pea and pumpkin plants when the nitr^yrin concentration in the 
soil was at least 50 ppm. In addition, foliar damage occurred in cucum¬ 
ber and pea. Nitrapyrin toxicity has been shown to occur in soybean in 
the work of Riley and Barber (46). Yield was reduced and plant morphol¬ 
ogy was altered. It should be pointed out that the phytotoxicity in all 
cases depends to a large extent on the concentration of nitrapyrin in 
the soil, the soil type, and the plant species (27). 
CHAPTER III 
MATERIALS AND METHODS 
Experiment 1: The Effect of Cultivar and Rate of Nitrogen on Nitrate 
Assumulation in Cabbage and Endive. This experiment was conducted in the 
field in the summer of 1978, using a completely randomized block design 
with five replicates of each treatment. The soil in the experimental 
plot was a Hadley fine sandy loam with an average pH of 6.2. 
The following six cabbage (Brassica oleracea var. capitata, L.) 
varieties were seeded in flats filled with Jiffy Mix on June 21, 1978: 
Market Victor, Market Prize, Harris Resistant Danish, the straight¬ 
leaved varieties, and Savoy Ace, Savoy King, and Chieftain Savoy, the 
Savoy-leaved varieties. Two endive (Chicorium endivia, L.) varieties 
were seeded at the same time: Green Curled, a curled-leaved variety, 
and Florida Deep Heart, a straight-leaved variety. V/hen large enough 
to handle, the seedlings were transplanted from the flats into three- 
inch peat pots filled with soil. The seedlings were allowed to grow in 
the greenhouse and were transferred to coldframes for hardening-off 
prior to planting in the field. 
The experimental plot was fertilized with the recommended rates of 
phosphorus and potassium for cabbage: 150 lbs P/acre supplied as super¬ 
phosphate, and 150 lbs K/acre supplied as muriate of potash. The vari¬ 
able nitrogen treatments were applied in the form of NH^NO^. Four levels 
of nitrogen were applied to the soil: 56 kgN/ha, 112 kgN/ha, 225 kgN/ha, 
and 450 kgN/ha. The cabbage and endive seedlings were set out into the 
field on July 21, 1978. The plants were set 18 inches apart with a four- 
foot spacing allowed between treatment blocks and between replicate blocks 
7 
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Five plants of each variety were planted in each block. Spinach was 
direct-seeded in the field on August 7, 1978 and subsequently thinned to 
five plants of each variety per block with a spacing of 18 inches between 
plants, and 4 feet between treatment blocks and between replicate blocks. 
All plants were grown to maturity and were harvested at the exact 
date of maturity for each variety. Head and wrapper-leaf samples were 
taken from each cabbage plant, and leaf samples were taken from each 
endive plant. The samples were dried in an air-circulating oven at 70°C 
and then ground in a Wiley mill at 30 mesh. Nitrate concentrations were 
determined with a nitrate-selective ion electrode using a distilled water 
extract of the plant material. 
Experiment 2: The Effect of Cultivar, Nitrogen Source, and Nitrapyrin on 
Yield and Nitrate, Calcium, Magnesium, and Potassium Content of Cabbage 
and Endive. This experiment was conducted in the greenhouse in the 
summer of 1980. A pot culture was arranged in a completely randomized 
block design with five replicates of each treatment. The growing medium 
consisted of 7 parts loam, 3 parts peat moss, and 2 parts sand by volume 
at a pH of 6.6. The nitrification inhibitor, nitrapyrin (2-chloro-6- 
(trichloromethyl) pyridine) was incorporated into the soil by means of 
rotation in an 18-liter container at a rate of 10 ppm. Soil to which no 
nitrapyrin was added was also mixed in the same manner. 
Six cabbage (Brassica oleracea var. capitata, L.) varieties--Market 
Prize, Market Victor, Harris Resistant Danish, Savoy Ace, Savoy King, 
and Qiieftain Savoy--and two endive (Chicorium endivia, L.) varieties-- 
Green Curled and Florida Deep Heart--were seeded into six-inch plastic 
azalea pots containing 1000 g of soil on May 1. Plants were gradually 
9 
thinned to six uniform plants per pot for endive and four uniform plants 
per pot for cabbage. Two nitrogen sources were added; KNO, and (NH ) 
3 4 2 
SO^. That amount providing 200 mg N for each nitrogen source was added 
20 days after seeding. Four subsequent treatments were added, and thus 
a total of 1000 mg N was supplied to each pot. This total amount of 
nitrogen was used since in a preliminary study cabbage and endive plants 
supplied with lower amounts of nitrogen showed symptoms of nitrogen 
deficiency. 
After 40 days, two cabbage plants were harvested, and three endive 
plants were harvested at random from each pot. After 65 days, the re¬ 
maining plants were harvested. Plant material was dried in an air-circula¬ 
ting oven at 70°C and then ground in a Wiley mill at 30 mesh. For plant 
material harvested after 40 days, only nitrate concentrations were deter¬ 
mined since there was insufficient plant material for additional analysis. 
For plant material harvested after 65 days, nitrate concentrations were 
determined with a nitrate-selective ion electrode using a distilled water 
extract of the plant material, Potassium, calcium, and magnesium content 
were determined by atomic absorption spectrophotometry. 
CHAPTER IV 
RESULTS 
Experiment 1; The Effect of Cultivar and Rate of Nitrogen on Nitrate 
Accumulation in Cabbage and Endive. The nitrate levels in head samples 
of all six cabbage varieties increased as the level of nitrogen applied 
to the soil increased, with a maximum nitrate content occurring at 450 
kgN/ha for all six varieties (table 1). The differences in nitrate 
accumulation due to treatment, the level of nitrogen applied to the 
soil, were highly significant as determined by analysis of variance. 
Differences in nitrate accumulation occurred among the six varieties 
of cabbage as shown by head samples (table 1), The greatest difference 
among varieties occurred at the highest rate of nitrogen, 450 kgN/ha. 
The straight-leaved varieties accumulated higher levels of nitrate than 
the savoy-leaved varieties, except for Harris Resistant Danish, a 
straight-leaved variety which accumulated the lowest levels of nitrate. 
The pattern of accumulation was closely related to the date of maturity, 
with lower levels of nitrate occurring in later-maturing varieties. 
Market Victor, the earliest-maturing variety, acciomulated the highest 
levels of nitrate, and Harris Resistant Danish, the latest-maturing 
variety, accumulated the least nitrate. The differences in nitrate accu¬ 
mulation due to cultivar were highly significant. On the other hand, 
differences due to the interaction of cultivar and treatment were not 
significant. 
As was the case with head samples, nitrate levels in leaf samples 
in all six cabbage varieties increased as the level of nitrogen added 
' 10 
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TABLE 1 
NITRATE CONCENTR.\TIONS IN HEADS OF CABBAGE 
Rate of Application of NH,N0,, 
4 3 
kg N/ha 
Cultivar 56 112 225 450 
% NO^-N, dry weight* 
Harris Resistant Danish 
(95)^ 0.19ax 0.24axy 0.28ayz 0.30az 
Savoy Ace (85) 0.24abx 0.265ax 0.26ax 0.31ax 
Savoy King (82) 0.19ax 0,27axy 0,30aby 0.34aby 
Chieftain Savoy (80) 0.24abx 0.27axy 0.33abxy 0.37abcy 
Market Prize (76) 0.29bx 0.31axy 0.37byz 0.42bcz 
Market Victor (65) 0.27abx 0.33axy 0.38byz 0.44cz 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within column 
x-within row 
2-Dates of maturity 
Source 
Cultivar (C] 
Treatment (T) 
CT 
W 
Analysis of Variance 
df SS MS 
5 
3 
15 
96 
0.18274700 
0.27954867 
0.02367600 
0.52332083 
0.03654940 
0.09318289 
0.00157840 
0.52332083 
6.70** 
17.09** 
0.29^^ 
** significant at p=0,01 
ns-not significant at p=0.05 
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to the soil increased (table 2). The maximum nitrate level occurred 
at 450 kgN/ha for all six varieties. The differencees in nitrate 
accumulation due to treatment were highly significant. 
When arranged in order of increasing nitrate concentration, the 
six cabbage varieties follow the exact same sequence for leaf samples 
as for head samples. Market Victor and Market Prize, two straight¬ 
leaved varieties, accumulated higher levels of nitrate than the three 
savoy-leaved varieties, and Harris Resistant Danish, the other straight¬ 
leaved variety, accumulated the least nitrate. As was the case with 
head samples, nitrate levels in leaf samples were closely related to 
date of maturity, with earlier-maturing varieties accumulating more 
nitrate than later maturing varieties. Differences in nitrate levels 
due to cultivar were highly significant, with the greatest differences 
occurring at the highest rate of nitrogen. Differences in nitrate 
levels due to the interaction of cultivar and treatment were not signi¬ 
ficant. Finally, leaf samples consistently showed higher levels of 
nitrate than head samples. 
Increasing levels of nitrogen in the soil resulted in a concurrent 
increase of nitrate in leaf samples of endive (table 3) and spinach 
(table 4). The differences in nitrate content due to treatment were 
significant in spinach and highly significant in endive. 
Florida Deep Heart endive, the straight-leaved variety, consistent¬ 
ly accumulated more nitrate than the curly-leaved variety. Green Curled, 
at all levels of nitrogen. This is the opposite of the situation 
which occurred in spinach where the straight-leaved variety, Hybrid 424, 
accumulated less nitrate than the savoy-leaved variety, Long Standing 
13 
TABLE 2 
NITRATE CONCENTRATIONS IN LEAVES OF CABBAGE 
Rate of Application of NH,N0,, 
4 ^ 
kg N/ha 
Cultivar 56 112 225 450 
% NO^-N, dry weight* 
Harris Resistant Danish (95) 0.22ax 0.27ax 0.41axy 0.49zy 
Savoy Ace (85) 0.35ax 0.42ax 0.52aby 0.54ay 
Savoy King (82) 0.24ax 0.32ax 0.60bcy 0.63ay 
Chieftain Savoy (80) 0.26ax 0.30ax 0.51aby 0.65ay 
Market Prize (76) 0.50bx 0.60bx 0.74cy 0.89bz 
Market Victor (65) 0.65bx 0.80cxy 1.Oldyz 1.12cz 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within column 
x-within row 
^ Dates of maturity 
Analysis of Variance 
Source M MS F 
Cultivar (C) 5 4.25343400 0.85068680 39.38** 
Treatment (T) 3 2.31301570 0.77100523 35.69** 
0.62"^ CT 15 0.20036900 0.01335793 
W 96 2.07404050 0.02160459 
**significant at p=0.01 
ns-not significant at p=0.05 
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TABLE 3 
NITRATE CONCENTRATIONS IN LEAVES OF ENDIVE 
Cultivar 
Rate of Application of NH^NO^, 
56 112 225 
kg N/ha 
450 
% NO^-N, dry weight* 
Green Curled (95)^ 0.36ax 0.38ax 0.53ay 0.74az 
Florida Deep Heart (85) 0.60bx 0.81by 0.82by 0.97by 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within colLunn 
x-within row 
Dates of maturity 
Analysis of Variance 
Source df 
Cultivar (C) 1 
Treatment 3 
CT 3 
W 32 
SS MS F 
■ 
0.8850620 0.88506200 35.07** 
0.7494470 0.24981567 9.90** 
0.0665080 
0.8074805 
0.02216933 
0.02523377 
0.88 
**significant at p=0.01 
ns-not significant at p=0.05 
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TABLE 4 
NITRATE CONCENTRATIONS IN LEAVES OF SPINACH 
Cultivar 
Rate of Application 
56 112 
of NH,NO,, 
4 3* 
225 
kg N/ha 
450 
% NO^-N, dry weight* 
Hybrid 424 (48)^ 0,24zy 0,27zy 0,28ayz 0.33az 
Long Standing Bloomsdale (48) 0.38by 0.39by 0.42by 0.43by 
*Means followed by different letters are significantly different 
(p=0.05). 
a-within column 
x-within row 
^ Dates of maturity 
Analysis of Variance 
Source M SS F 
Cultivar (C) 1 0.15376 0.15376000 53.64** 
Treatment (T) 3 0.02654 0.00884667 3.09* 
0.40^^ CT 3 0.00342 0.00114000 
W 32 0.09172 0.00286625 
*significantly different at p=0.05 
**significantly different at p=0,01 
ns-not significant at p=0.05 
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Bloomsdale. Similar to the situation in cabbage, nitrate accumulation 
was closely related to date of maturity in endive, with the earlier- 
maturing variety, Florida Deep Heart, accumulating more nitrate than 
the later-maturity variety. Green Curled. No such comparison can be 
made for spinach since both varieties have the same date of maturity 
(48 days). Differences in nitrate levels due to cultivar were highly 
significant in both endive and spinach. The greatest difference in 
nitrate levels between the two endive varieties occurred at 112 kgN/ha, 
and the greatest differences between spinach varieties occurred at 
225 kgN/ha, unlike cabbage where the greatest differences occurred at 
450 kgN/ha. Differences in nitrate levels due to the interaction of 
cultivar and treatment were not significant for both endive and spinach. 
Experiment 2: The Effect of Cultivar, Nitrogen Source, and Nitrapyrin 
on Yield and Nitrate, Calcium, Magnesium, and Potassium Content of 
Cabbage and Endive. Maximum yields after 65 days in cabbage, as measured 
by total fresh weight of plants per pot, were obtained in those plants 
supplied with KNO^ and no nitrapyrin (table 5), with the greatest yield 
occurring in Market Prize. The lowest yields occurred in those cabbage 
plants supplied with (NH^)2S0^ and growing in soil treated with nitra¬ 
pyrin. A reduction in plant weight occurred when nitrapyrin was added 
to the soil, with the reduction being greater in the ammonium-supplied 
plants than in nitrate-supplied plants. The reduction in fresh weights 
was significant for all six cabbage varieties when (NH^)2S0^ was the 
nitrogen source, but when nitrogen source, the reduction 
in fresh weight was significant only in the variety Market Prize. Differ¬ 
ences in fresh weights due to nitrogen source and differences due to the 
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TABLE 5 
FRESH >fEIGHTS OF CABBAGE PLANTS GRCKN 
FOR 65 DAYS IN THE GREENHOUSE 
Cultivar -Np- 
Source of Ni 
KNO- 
o 
-^Np 
trogen 
CNHp 
-Np 
2SO4 
+NP 
g./pot* 
Chieftain Sa\*oy lOScc 90cx 62bx 43ax 
Savoy Ring 119cx>* lllcx>’ 65bx 47ax 
Sa\*cy Ace lOdcx 105cx>' 6Sbx 46ax 
Harris Resistant Danish i:"cx>*c 126cy 6"bx 45ax 
Market Victor 156eye 121cy 69bx 44ax 
Market Price 14"dc 107cx>’ “2bx 44ax 
* Means followed by different letters are significantly different 
Cp=0.05). 
a-within row 
x-within coiuam 
- 10 pps nitr3p>'Tin 
Analysis of Variance 
Source F 
Cultivar (A) 5 5251.S774 1046.57550 4.13** 
N-Source (3) 1 109“45.2000 109745.20000 453.55** 
NitraD\“rin (C) 1 9S2S.4S45 9S2S.48450 28.85** 
AB 2 5765."000 "55.14000 2.98* 
AC 5 1717.0065 545.40126 1.36^^ 
3C 1 "05.4506 705.45060 2.79^^ 
ABC 5 995.0725 198.61446 0.78^^ 
W 96 24500.6000 255.15125 
*sigriificant at p=0.05 
**significant at p=C.01 
ns-not significant at p=0.05 
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effects of nitrapyrin were highly significant. However, differences 
due to the interaction of nitrogen source and nitrapyrin were not signi¬ 
ficant as determined by analysis of variance. 
Differences in fresh weight production attributed to cultivar 
were highly significant. The differences among varieties were more 
pronounced under nitrate nutrition than under ammonium nutrition. The 
differences due to the interaction of variety and nitrogen source were 
significant, whereas the differences due to interaction of variety and 
nitrapyrin were not significant. Finally, differences due to the three- 
way interaction of variety, nitrogen source, and nitrapyrin were not 
significant. 
A reduction in fresh weight production in endive plants occurred 
in the presence of nitrapyrin regardless of nitrogen source, (table 6). 
The reduction was significant in Green Curled endive when the nitrogen 
source was whereas the reduction in fresh weight in Florida 
Deep Heart was significant when the nitrogen source was Fresh 
weights for both varieties were substantially higher for plants supplied 
with nitrate than those supplied with ammonium. Differences due to 
nitrogen source and due to nitrapyrin were highly significant, but 
differences due to the interaction of the two factors were not signifi¬ 
cant . 
Florida Deep Heart endive had a greater fresh weight production 
than Green Curled endive except in the nitrate plus nitrapyrin treat¬ 
ment. The differences in fresh weight due to cultivar were significant 
but the differences attributed to the interaction of cultivar and nitro¬ 
gen source, cultivar and nitrapyrin, and the three-way interaction of 
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TABLE 6 
FRESH WEIGHTS OF ENDIVE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
Cultivar -Np^ 
Source 
KNO3 
+Np 
of Nitrogen 
(NH4) 
-Np 
2S°4 
+Np 
g/pot* 
Green Curled 98cy 99 cy 32by lOay 
Florida Deep Heart 136cy 97by 50ay 27az 
* Means followed by different letters are significantly different 
(p=0.053. 
a-within row 
x-within column 
z 10 ppm nitrapyrin 
Source 
Cultivar (A) 
N-Source (B) 
Nitrapyrin (C) 
AB 
AC 
BC 
ABC 
W 
Analysis of Variance 
df SS MS F 
1 
1 
1 
1 
1 
1 
1 
32 
3116.10810 
60502.28800 
4253.28800 
1.39931 
1052.36380 
32.05567 
937.51000 
16347.33000 
3116.10810 
60502.28800 
4253.28800 
1.39931 
1052.36380 
32.05567 
937.51000 
510.85406 
6.10* 
118.43** 
8.83** 
0.03 
2.06 
0.06 
1.84 
ns 
ns 
ns 
ns 
*significant at p=0.05 
**significant at p=0.01 
ns-not significant at p=0.05 
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cultivar, nitrogen source, and nitrapyrin were in all cases not signi¬ 
ficant. 
Dry weights among the six cabbage varieties varied significantly 
(table 7). Greater dry weight production occurred in plants supplied 
with nitrate than those supplied with ammonium. For some varieties a 
reduction in dry weight occurred in the presence of nitrapyrin regard¬ 
less of nitrogen source. Savoy King and Market Prize showed a signifi¬ 
cant decrease in dry weight for both sources of nitrogen. In Market 
Victor the decrease in dry weight was significant only under ammonium 
nutrition. Differences in dry weight due to nitrogen source and due to 
nitrapyrin were highly significant in both cases as determined by analy¬ 
sis of variance. However, the differences due to the interaction of 
nitrogen source and nitrapyrin were not significant. The maximum dry 
weight occurred in Market Prize in the nitrate-supplied pots not treat¬ 
ed with nitrapyrin. This is the same variety that showed the maximum 
fresh weight production under the same treatment. Differences in dry 
weight due to the interaction of cultivar and nitrogen source were 
significant, but differences due to the interaction of cultivar and 
nitrapyrin and differences due to the three-way interaction of cultivar, 
nitrogen source, and nitrapyrin were not significant in either case. 
Dry weights in endive (table 8) showed a similar pattern as dry 
weights in cabbage. That is, a reduction in dry weight occurred in 
plants grown in soil treated with nitrapyrin. The reduction was signi¬ 
ficant only in Green Curled endive under ammonium mutrition, and was 
not significant in all other cases. Lower dry weights occurred in 
plants siipplied with (NH^)2^^4 than those supplied with KNO^. Differ- 
TABLE 7 
DRY WEIGHTS OF CABBAGE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
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Cultivar -Np^ 
Source 
KNO3 
+Np 
of Nitrogen 
(NHp 
-Np 
2^°4 
+Np 
g/pot* 
Chieftain Savoy 10.9bwx 9. Obw y.Oawx 5.9ayz 
Savoy King 12.Idx 10.4cw 7.8bx 6.5az 
Savoy Ace 9. Ibw 9.6bw 6.6awx 5.4axy 
Harris Resistant Danish 11.Obwx 10.6bw 6.8awx 4.8awx 
Market Victor 10.8cwx 10.6cw 6.5bw 4.3aw 
Market Prize 12.3dx 10.lew 6.7bwx 4.6awx 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row 
x-within column 
^ 10 ppm nitrapyrin 
Analysis 
Source df 
Cultivar (A) 5 
N-Source (B) 1 
Nitrapyrin (C) 1 
AB 5 
AC 5 
BC 1 
ABC 5 
W 96 
*significant at p=0.05 
**significant at p=0.01 
ns-not significant at p=0.05 
of Variance 
SS MS F 
- 
24.261510 4.852302 2.55* 
601.664050 601.664050 316.71** 
50.830046 50.830046 26.76** 
23.130420 4.626084 2.44* C 
7.879800 1.575960 0.83 
1.74"® 3.313493 3,313493 
9.118800 
182.374000 
1.823760 
1.899729 
0.96 
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TABLE 8 
DRY WEIGHTS OF ENDIVE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
Source of Nitrogen 
1CNO3 (NH4) 
2S°4 
Cultivar -Np^ +Np -Np •fNp 
g/pot* 
Green Curled 7.3cz 7. Icz 3.4bz 1.4az 
Florida Deep Heart 8.6cz 6.3bcz 4.6abz 3.0az 
* Means followed by different letters are significantly different 
Cp=0.05). 
a-within row 
x-within column 
z 10 ppm nitrapyrin 
Analysis 
Source df 
Cultivar (A) 1 
N-Source (B) 1 
Nitrapyrin (C) 1 
AB 1 
AC 1 
BC 1 
ABC 1 
W 32 
of Variance 
SS MS F 
6.963905 6.963905 2.56^^ 
182.286310 182.286310 67.05** 
23.639065 23.639065 8.70** 
3.164700 3.164070 1.16 
1.931570 1.931570 0.71 
0.642590 0.642590 0.24 ^ 
1.47^^ 4.000520 
86.996000 
4.000520 
2.718625 
**significant at p=0.01 
ns-not significant at p=0.05 
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ences due to nitrogen source and due to nitrapyrin were highly signifi¬ 
cant. Differences in dry weight between the two varieties of endive 
were not significant and differences due to all possible interactions 
were not significant. 
After 40 days of growth, nitrate levels in cabbage plants were 
significantly higher when treated with KNO^ than when treated with 
(NH^)2S0^ (table 9). Differences in nitrate content attributed to 
nitrogen source were highly significant. However, the differences in 
nitrate content due to nitrapyrin were not significant as determined by 
analysis of variance. 
Savoy King and Savoy Ace, two savoy-leaved varieties, consistently 
accumulated less nitrate than the other four cabbage varieties. This 
corresponds to observations made in the field study in which Savoy King 
and Savoy Ace were consistently at the lower end of the scale in nitrate 
accumulation. However, the similarities end here. Harris Resistant 
Danish, a variety showing the lowest levels of nitrate among all six 
varieties in the field study, showed comparatively high levels of nitrate 
in the greenhouse study after 40 days. Unlike the field study, no correla¬ 
tion between nitrate levels and date of harvest could be established. 
Differences in nitrate content due to cultivar were highly significant, 
and differences attributed to all possible interactions were not signifi¬ 
cant . 
Maximum nitrate levels in endive after 40 days were observed in 
those plants treated with KNO^ (table 10). Plants treated with (NH^)^ 
SO. had significantly lower nitrate levels than the nitrate-treated 
plants. Differences in nitrate content due to nitrogen source were 
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TABLE 9 
NITRATE CONCENTRATIONS OF CABBAGE PLANTS GROWN 
FOR 40 DAYS IN THE GREENHOUSE 
Cultivar -Np^ 
Source 
KNO3 
+Np 
of Nitrogen 
(NH4) 
-Np 
2SO4 
+Np 
% NO^-N, dry weight* 
Chieftain Savoy 1.60by 1.69bx 0.47axy 0.54az 
Savoy King 1.17bx 1.29bx 0.29ax 0.24ax 
Savoy Ace 1.40cxy 1.SOcx 0.42bxy 0.19ax 
Harris Resistant Danish 1.60by 1.71bx 0.53ay 0.SOayz 
Market Victor 1.67by 1.58bx 0.35axy 0.25ax 
Market Prize 1.52by 1.56bx 0.39axy 0.31axy 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row 
x-within coluinn 
2 10 ppm nitrapyrin 
Analysis of Variance 
Source M ss F 
Cultivar (A) 5 0.98463333 0.19692667 5.95** 
N-Source (B) 1 23.80500000 23.80500000 719.55** 
0.01^" n*? Nitrapyrin (C) 1 0.00027220 0.00027220 
AB 5 0.20298366 0.04059673 1.23^^ 
0.40^^ 
2.18^^ 
0.34^^ 
AC 5 0.06577800 0.01315560 
BC 1 0.07220022 0.07220022 
ABC 5 0.05548300 0.01109660 
W 
**significant at p=0.01 
48 1.58800000 0.03308333 
ns-not significant at p= =0.05 
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TABLE 10 
NITRATE CONCENTRATIONS OF ENDIVE PLANTS GROWN 
FOR 40 DAYS IN THE GREENHOUSE 
Cultivar 
Source of Nitrogen 
KNO3 
+Np -Np +Np 
% NO^-N, dry weight* 
Green Curled 1.39bz 1.67bz 0.49az 0.28az 
Florida Deep Heart 1.56cz 1.75czz 0.63bz 0.30az 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row 
x-within column 
2 10 ppm nitrapyrin 
Analysis of Variance 
Source M SS m F 
Cultivar (A) 1 0.06826633 0.06826633 2.06"® 
N-Source (B) 1 8.19001630 8.19001630 246.56** 
0.06^^ 
ns Nitrapyrin (C) 1 0.00201633 0.00201633 
AB 1 0.00326800 0.00326800 0.10 
0.51^^ AC 1 0.01706800 0.01706800 
BC 1 0.37001800 0.37001800 11.14** 
0.03^^ ABC 1 0.05548300 0.01109660 
W 
**significant at p=0.01 
16 0.53146700 0.53146700 
ns-not significant at p= =0.05 
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highly significant, whereas the differences due to nitrapyrin were not 
significant, as was the case with cabbage. Differences between the two 
endive varieties with regard to nitrate content were not significant, 
unlike the situation in cabbage where cultivar had a significant im¬ 
pact on nitrate content. Differences due to the interaction of nitrogen 
source and nitrapyrin were highly significant, but differences due to 
all other interactions were not significant. 
After 65 days of growth, minimum nitrate levels occurred in those 
cabbage plants supplied with with nitrapyrin present in 
the soil (table 11). For the same nitrogen source but without nitrapy¬ 
rin, higher nitrate levels occurred. Significantly higher nitrate levels 
were found in plants treated with than those treated with (NH^)^ 
SO^. Differences in nitrate content due to nitrogen source, and due 
to nitrapyrin were highly significant in both cases. In addition, the 
differences due to the interaction of nitrogen source and nitrapyrin 
were highly significant. Nitrate levels in cabbage plants in all treat¬ 
ments except the (NH^)2S0^ minus nitrapyrin treatment were lower after 
65 days than after 40 days. 
Cultivar did not significantly affect nitrate levels after 65 days 
of growth. This is in contrast to the 40 day harvest and also the field 
study where cultivar was a significant factor in influencing nitrate 
levels in cabbage. Differences in nitrate content due to all inter¬ 
actions involving cultivar were not significant. 
In endive, lowest nitrate levels after 65 days occurred in plants 
treated with (NH^)2S0^ and nitrapyrin (table 12). Highest nitrate levels 
occurred in endive plants treated with and nitrapyrin. Differences 
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TABLE 11 
NITRATE CONCENTRATIONS OF CABBAGE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
Cultivar -Np^ 
Source 
KNO3 
+Np 
of Nitrogen 
(NH4) 
-Np 
2SO4 
+Np 
% NO^-N, dry weight* 
Chieftain Savoy 1.29cy 1.34cy 0.55bz 0.22az 
Savoy King 1.02by 1.09by 0.32ay 0.20ayz 
Savoy Ace 1.12 cy 1.19cy 0.44byz 0.15ay 
Harris Resistant Danish 1.32dy 1,15cy O.STbz 0.15ay 
Market Victor 1.13by 0.99by 0.58bz 0.17ayz 
Market Prize 1.07cy 1.08cy 0.52bz 0.18ayz 
* Means followed by different letters are significantly different 
(p=0.05) . 
a-within row 
x-within column 
^ 10 ppm nitrapyrin 
Analysis of Variance 
Source M m F 
Cultivar (A) 5 0.49990400 0.09998080 2.04^^ 
N-Source (B) 1 19.91860100 19.91860100 406.79** 
Nitrapyrin (C) 
AB 
1 
5 
0.89268733 
0.22446400 
0.89268733 
0.04489280 
18.23** 
0.92^^ 
1.08^^ AC 5 0.26327800 0.05265560 
BC 1 0.67050800 0.67050800 13.69** 
0.10^^ ABC 5 0.02579700 0.00515940 
**significant at p=0.01 
ns-not significant at p=0.05 
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TABLE 12 
NITR.\TE CONCENTRATIONS OF ENDI\T PLANTS GROW?^’ 
FOR 65 DAYS IN THE GREENHOUSE 
Cultivar 
Source of Nitrogen 
KNO3 
-N^^ +N^ 
(NH^) 2^0 4 
-N'p ^N'p 
% NO3-N, dry weight* 
Green Curled l.lOcz 1.42d2 0.46bz 0.14az 
Florida Deep Heart 1.28bz 1.40bzz 0.46az 0.14az 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row 
x-within column 
^ 10 ppm nitrapyrin 
Analysis of Variance 
Source M SS F 
Cultivar (A) 1 0.0156025 0.0156025 0.15^^ 
N-Source (B) 1 9.9700220 9.9700220 96.24** 
0.23^^ 
ns Nitrapyrin (C) 1 0.0235220 0.0235220 
AB 1 0.0140650 0.0140630 0.14^^ 
0.22^^ AC 1 0.0225630 0.0225630 
BC 1 0.7590030 0.7590030 7.33* 
0.24^^ ABC 
W 
*signifleant at 
**significant at 
p—0.05 
p=0.01 
1 
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0.0245020 
3.3149600 
0.0245020 
0.1035925 
ns-not significant at p=0.05 
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in nitrate content due to nitrogen source were highly significant, but 
unlike cabbage at the same time period, differences due to effects of 
nitrapyrin were not significant. Finally, the differences due to the 
interaction of nitrogen source and nitrapyrin were statistically signifi¬ 
cant. The nitrate levels in endive in all four treatments were lower 
after 65 days than after 40 days. 
There occurred no significant differences in nitrate content be¬ 
tween the two endive varieties after 65 days, in any of the treatments. 
This is similar to the situation in endive after 45 days. Interactions 
between cultivar and nitrogen source, between cultivar and nitrapyrin, 
and among cultivar, nitrogen source, and nitrapyrin had no significant 
effect on nitrate content in endive. 
The presence of nitrapyrin in soil supplied with either source of 
nitrogen did not significantly affect the magnesium levels in cabbage 
after 65 days. Higher magnesium levels occurred in plants supplied 
with (NH^)2S0^ than those supplied with ^*^0^ for all six cabbage varie¬ 
ties (table 13). The differences in magnesium content due to nitrogen 
source were highly significant. However, the differences due to the 
interaction of nitrogen source and nitrapyrin were not significant. 
Two varieties of cabbage, Giieftain Savoy and Savoy King showed 
substantially higher levels of magnesium than the other four varieties 
when treated with (NH^)2S0^ and nitrapyrin. This difference was not 
evident in the other treatments, however, and overall, the differences 
in magnesium content due to cultivar were not significant. The differ¬ 
ences due to the interaction of cultivar and nitrogen source were signi¬ 
ficant whereas differences due to the interaction between cultivar and 
nitrapyrin, and among cultivar, nitrogen source, and nitrapyrin were not 
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TABLE 13 
MAGNESIUM CONCENTRATIONS IN CABBAGE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
Cultivar -Np^ 
Source 
KNO3 
+Np 
of Nitrogen 
(NH^D 
-Np 
2®°4 
+Np 
% Mg, dry weight* 
Chieftain Savoy 0.38ax 0.38ax 0.62bx 0.72bcz 
Savoy King 0.39ax 0.40axz 0.59bx 0.71cyz 
Savoy Ace 0.41ax 0.43ax 0.55bx 0.60bx 
Harris Resistant Danish 0.46abx 0.42ax 0.58bx 0.54bx 
Market Victor 0.42abx 0.36ax 0.76cz 0.61bcxy 
Market Prize 0.41ax 0.43ax 0.65bx 0.60bx 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row 
x-within column 
^ 10 ppm nitrapyrin 
Analysis of Variance 
Source 
Cultivar (A) 5 0 
N-Source (B) 1 1 
Nitrapyrin (C) 1 0 
AB 5 0 
AC 5 0 
BC 1 0 
ABC 5 0 
W 96 0 
*significant at p=0.05 
**significant at II 0
 
• 0
 
ns-not significant at p=0.05 
SS MS F 
■ 
02446700 0.00489340 0.50^^ 
45420030 1.45420030 148.96** 
00024033 0.00024033 0.02^^ 
14769500 0.02953900 3.03* 
10619500 0.02123900 2.18"= 
00154200 0.00154200 0.16 ^ 
05155300 
93720000 
0.01031060 
0.00976250 
1.06^^ 
significant in either instance. 
As was the case with cabbage, the presence of nitrapyrin in the 
soil had no significant effect on magnesium content in either variety of 
endive (table 14). This was true for both sources of nitrogen. The 
level of magnesium was more greatly affected by the source of nitrogen, 
with higher magnesium levels occurring in ammonium-treated plants. 
Differences in magnesium content due to the nitrogen source were highly 
significant as determined by analysis of variance. Differences due 
to the interaction of nitrogen source and nitrapyrin were not significant. 
Differences in magnesium content between the two varieties of 
endive proved to be insignificant in all treatments. Interaction be¬ 
tween cultivar and nitrogen source, between cultivar and nitrapyrin, 
and among cultivar, nitrogen source, and nitrapyrin in all cases did not 
significantly affect magnesium concentrations in endive. 
Cabbage plants growing in soil treated with nitrapyrin showed a 
reduction in calcium levels when compared to plants grown on soil not 
amended with the inhibitor (table 15). The decrease in calcium concen¬ 
tration occurred for both nitrogen sources, but the decrease was of 
greater magnitude under ammonium nutrition, with the biggest reduction 
occurring in Market Victor. The highest calcium levels occurred in the 
(NH ) SO minus nitrapyrin treatment for all six cabbage varieties. The 
differences in calcium content due to nitrapyrin were highly significant, 
but differences due to nitrogen source were not significant, this being 
the reverse of the situation for magnesium. Finally, the differences 
due to the interaction of nitrogen source and nitrapyrin were highly 
significant. 
Unlike the situation with magnesium, significant differences in 
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TABLE 14 
MAGNESIUM CONCENTRATIONS IN ENDIVE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
Cultivar 
Source of Nitrogen 
KNO3 
+Np -Np +Np 
% Mg, dry weight* 
Green Curled 0.27az 0.26az O.SObz 0.48bz 
Florida Deep Heart 0.30az 0.32abz 0.56bcz 0.44bz 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row 
x-within column 
^ 10 ppm nitrapyrin 
Analysis of Variance 
Source M SS F 
Cultivar (A) 1 0.0105625 0.0105625 1.74"= 
N-Source (B) 1 0.4515625 0.4515625 74.33** 
2.19^^ 
ns Nitrapyrin (C) 1 0.0133225 0.0133225 
AB 1 0.0034225 0.0034225 0.56^^ 
1.07"^ 
3.41^^^ 
1.96^^ 
AC 1 0.0065025 0.0065025 
BC 1 0.0207025 0.0207025 
ABC 1 0.0119025 0.0119025 
W 
**significant at p=0.01 
32 0.1944000 0.0060750 
ns-not significant at p=0.05 
33 
TABLE 15 
CALCIUM CONCENTRATIONS IN CABBAGE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
Source of Nitrogen 
KNO3 CNH4)2 SO4 
Cultivar -Np^ +Np -Np +Np 
% Ca, dry weight* 
Chieftain Savoy 0.78axy 0.66ax 1.09bxyz 0.86abz 
Savoy King 0.70bx 0.79bxy 0.83cx 0.56ax 
Savoy Ace 0.97by 0.87abxyz 1 .OObxy 0.72ayz 
Harris Resistant Danish 1.00bcy 0.90byz 1.16cyz 0.61axy 
Market Victor 0.99by 0.68axy 1.30cz 0.81abz 
Market Prize 0.92ay 0.94az 1.14abyz 0.77az 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row 
x-within column 
^ 10 ppm nitrapyrin 
Analysis of Variance 
Source m F 
Cultivar (A) 5 0.90541700 0.18108340 2.70* 
1.63^^^ N-Source (B) 1 0.10920366 0.10920366 
Nitrapyrin (C) 1 1.63800370 1.63800370 24.40** 
1.51^^ 
0.78^^ 
AB 5 0.50614600 0.10122920 
AC 5 0.26082600 0.05216520 
BC 1 0.51745233 0.51745233 7.71** 
0.33“ ABC 5 0.11101800 0.02220360 
W 96 6.44408000 0.06712583 
*significant at p=0.05 
**significant at p=0.01 
ns-not significant at p=0.05 
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calcium content due to cultivar did occur in cabbage. Maximum calcium 
content occurred in Market Victor treated with (NHJ^SO, and without 
4 2 4 
nitrapyrin. The lowest calcium level among all varieties occurred in 
Savoy King supplied with and nitrapyrin. Differences in cal¬ 
cium content attributed to the following interactions involving cultivar 
were not significant: variety and nitrogen source, variety and nitrapy¬ 
rin, and variety, nitrogen source, and nitrapyrin. 
Endive plants growing in soil treated with nitrapyrin showed a 
decrease in calcium levels when treated with (NH ) SO relative to 
those treated with ("table 16). However, the differences in cal¬ 
cium due to nitrapyrin were not significant as determined by analysis 
of variance. Likewise, the differences due to the nitrogen source were 
not significant. On the other hand, differences due to the interaction 
of nitrogen source and nitrapyrin were significant. Finally, cultivar 
and all interactions involving cultivar had no significant impact on 
calcium content in endive. 
When potassium was supplied in high amounts (2790mgK/pot) to the 
soil in the form of KNO^, the presence of nitrapyrin had no significant 
effect on potassium levels in cabbage (table 17). The maximum level of 
potassium occurred in Savoy Ace in the treatment without nitrapyrin. 
Differences in potassium content due to cultivar were significant, 
whereas differences due to nitrapyrin and the interaction of nitrapyrin 
and cultivar were not significant in either case. 
As was the case with cabbage, potassium levels in endive were not 
significantly affected by the presence of nitrapyrin in the soil 
(table 18) when plants were supplied with KNO^. In addition, differences 
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TABLE 16 
CALCIUM CONCENTRATIONS 
FOR 65 DAYS IN 
IN ENDIVE PLANTS GROWN 
THE GREENHOUSE 
Source of Nitrogen 
KNO3 SO4 
Cultivar -Np^ +Np -Np +Np 
% ca. dry weight* 
Green Curled 0.46az 0.59abz 0.63bz 0,48az 
Florida Deep Heart 0.52az 0.55az 0.72bz 0.56az 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row 
x-within column 
z 10 ppm nitrapyrin 
Analysis 
Source df 
Cultivar (A) 1 
N-Source (B) 1 
Nitrapyrin (C) 1 
AB 1 
AC 1 
BC 1 
ABC 1 
W 32 
**significant at p=0.01 
ns-not significant at p=0.05 
of Variance 
SS MS F 
0.02209 0.022090 0.73^^ 
0.04356 0.043560 
- - 4 ns 
1.44 
0.01369 0.013690 0.45 
0.01156 0.011560 0.38 
0.00841 0.008410 0.28 
0.13456 0.134560 4,43* 
C* 
0.00576 
0.97136 
0.005760 
0.030355 
0.19 
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TABLE 17 
POTASSIUM CONCENTRATIONS IN CABBAGE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
Cultivar -Np^ 
Source 
KNO3 
+Np 
of Nitrogen 
-Np 
2SO4 
+Np 
% K, dry weight* 
Chieftain Savoy 5.43ayz 5.13ay 1.ISAyz l.OOAy 
Savoy King 4.74ay 4.97ay 0.94Ay 1.19Byz 
Savoy Ace 6.03az 5.94ay 1.29AZ 1.50AZ 
Harris Resistant Danish 5.66ayz 5.47ay 1.OOAyz 1.61BZ 
Market Victor 5.19ayz 4.99ay 1.OSAyz 1.39Byz 
Market Prize 4.96ay 5.62ay 1.07Ayz 1.21Ayz 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row, KNO^; A-within row, (NH^)2SO^ 
x-within column 
^ 10 ppm nitrapyrin 
Analysis of Variance 
Source SS F 
Cultivar (A) 5 7.6680400 1.53360800 2.64* 
Nitrapyrin, +KNO (B) 1 0.0041333 0.00413330 0.01^^ ns 
AB ^ 5 0.6276400 0.12552800 0.22 
W 48 27.9137210 0.58153585 
Cultivar (X) 5 0.8693200 0.17386400 2.77* 
Nitrapyrin, +(NH ) SO (Y)- 1 0.8260270 0.82602700 13.18** 
XY ^ ^ ^ 5 0.7771730 0.15543500 2.48* 
W 48 3.0078400 0.06266330 
*significant at p=0.05 
**significant at p=0.01 
ns-not significant at p=0.05 
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in potassium content due to cultivar and the interaction of treatment 
and cultivar were not significant. The average level of potassium in 
endive was comparable to the average level in cabbage. 
When nitrogen was supplied as (NH^)2S0^, and no potassium was added 
to the soil, much lower levels of potassium occurred in cabbage plants 
(table 17). All of the cabbage varieties except Chieftain Savoy showed 
an increase in potassium when grown in soil treated with nitrapyrin, 
with the greatest difference occurring in Harris Resistant Danish. 
Differences in potassium content due to treatment (nitrapyrin) were 
highly significant. 
In cabbage plants grown in soil treated with nitrapyrin, the 
highest potassium level occurred in Harris Resistant Danish and the 
lowest level occurred in Chieftain Savoy. In the plants grown in un¬ 
treated soil. Savoy Ace contained the maximum amount of potassium and 
Savoy King had the lowest level of potassium. Differences in potassium 
content due to cultivar were significant, and differences due to inter¬ 
action of cultivar and treatment were also significant. 
Among endive plants supplied with (NH^)2S0^ and no potassium, those 
grown in soil treated with nitrapyrin had a higher level of potassium 
than those grown in soil not treated with the inhibitor (table 18). 
The difference in potassium due to treatment were highly significant. 
The potassium levels in the two endive varieties did not differ 
significantly, regardless of treatment. Differences in potassium con¬ 
tent due to the interaction of variety and treatment were not signifi¬ 
cant. Endive plants contained nearly twice as much potassium as cabbage 
plants regardless of the presence or absence of nitrapyrin. 
38 
TABLE 18 
POTASSIUM CONCENTRATIONS IN ENDIVE PLANTS GROWN 
FOR 65 DAYS IN THE GREENHOUSE 
Source of Nitrogen 
KNO3 CNH4)2S04 
Cultivar -Np^ +Np -Np +Np 
% K, dry weight* 
Green Curled 5.64az 5.77az 1.67Bz 2.59Az 
Florida Deep Heart 5.27az 5.70az 1.61BZ 2.16AZ 
* Means followed by different letters are significantly different 
(p=0.05). 
a-within row, KNO^; A-within row, (NH^)2SO^ 
x-within column 
2 10 ppm nitrapyrin 
Analysis of Variance 
Source M SS F 
Cultivar (A) 1 0.24420 0.244200 0.53: 
Nitrapyrin, +KN0»(B) 1 0.39480 0.394800 0.86 
AB ^ 1 0.11101 0.111010 0.24 
W 16 7.37836 0.461148 
Cultivar (X) 1 0.30258 0.302580 1.87 
Nitrapyrin, +(NH ) SO (Y) 1 2.73800 2.738000 16.95 
XY 4 1 0.16928 0.169280 1.05 
W 16 2.58456 0.161535 
**significant at p=0.01 
ns-not significant at p=0.05 
CHAPTER V 
DISCUSSION 
Experiment 1: The Effect of Cultivar and Rate of Nitrogen on Nitrate 
Accumulation in Cabbage and Endive. Under field conditions nitrate 
levels in cabbage increased as the level of applied nitrogen increased 
from 56 kgN/ha to 450 kgN/ha. Thus, increasing the supply of nitrogen 
in the soil resulted in an increased accumulation of nitrate by cabbage 
and endive plants. This general conclusion is in agreement with those 
of many authors (4,5, 44). 
Nitrate analysis of head and leaf samples of cabbage revealed that 
higher nitrate levels were consistently present in the outer wrapper 
leaves than in the internal head portions. Thus, excess nitrate taken 
up by the cabbage plants accumulated in older, mature leaves, with lower 
levels occurring in the younger tissue represented by the head portions. 
This observation for cabbage is in agreement with observations made by 
Barker and Maynard (4) in spinach and by Lorenz in lettuce (38). Thus, 
an obvious method of reducing nitrate ingestion in cabbage is the re¬ 
moval of outer wrapper leaves. 
A positive correlation between nitrate accumulation and date of 
maturity was observed in cabbage and endive under field conditions, 
with the earlier-maturing varieties accumulating higher levels of nitrate 
that later-maturing varieties. Since all of the NH^NO^ for each treat¬ 
ment was applied at once prior to planting, the best opportunity for 
excess uptake and maximum accumulation occurred earlier in the growing 
season. Thus, an obvious method of reducing ingestion of nitrate in cab¬ 
bage and endive is the use of later-maturing varieties. 
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The observed relationship between leaf morphology and nitrate 
accumulation,that is, straight-leaved varieties of cabbage (except 
I 
Harris Resistant Danish) and endive accumulating more nitrate than 
curly-leaved varieties, is the reverse of the situation found by Barker 
and Maynard (4,7,37) and Cantliffe (18) in spinach where it was the 
savoy-leaved varieties that accumulated more nitrate. However, a con¬ 
clusion on the relationship between leaf morphology and nitrate accumula¬ 
tion in cabbage and endive based on data obtained in the field study 
cannot be made since each variety was harvested at the correct date of 
maturity. In studies done with spinach, all of the varieties were har¬ 
vested at the same time, and the problem of different harvest dates did 
not occur. Thus, the only legitimate conclusion that can be made with 
regard to varietal effect in both cabbage and endive is that later- 
maturing varieties accumulate less nitrate than earlier-maturing varie¬ 
ties when the soil is supplied with one broadcast application of nitro¬ 
gen prior to planting. 
Experiment 2: The Effect of Cultivar, Nitrogen Source, and Nitrapyrin 
on Yield and Nitrate, Calcium, Magnesium, and Potassium Content of 
Cabbage and Endive. Although no visible foiliar symptoms of nitrapyrin 
toxicity occurred in cabbage or endive, throughout the 65 day growing 
period, the plants were injured as shown by a restriction in growth 
when nitrapyrin was added to the soil at a rate of 10 ppm. This restrict¬ 
ion in growth is reflection by reduced fresh weights and dry weights. 
Cabbage and endive are apparently sensitive to low levels of nitrapyrin, 
since higher concentrations of the inhibitor are needed to induce signi¬ 
ficant growth reductions in other crops. For example. Mills (40) found 
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a significant reduction in fresh weight of corn and cucumber at a much 
higher rate--100 ppm nitrapyrin. Actually, an increase in fresh weights 
of pea seedlings over a control were observed at 5, 10, and 25 ppm 
nitrapyrin, and a reduction in fresh weights did not occur until levels 
exceeding 25 ppm were supplied. Mills also noted that with few exceptions, 
maximum fresh and dry weights of cucumber, com, bean, garden pea, pump¬ 
kin, and tomato occurred at either 10 or 25 ppm nitrapyrin in the soil. 
Growth of cabbage and endive was also restricted by ammonium nutri¬ 
tion. The poorest growth occurred in those plants treated with CNH^)2 
SO^ plus nitrapyrin. However, no foliar symptoms of ammonium toxicity 
were evident on any of the plants. No conclusion can be made as to 
whether nitrapyrin affected or intensified ammonium toxicity since a 
control eliminating ammonium toxicity by means of pH control was not 
included in this experiment. 
Nitrapyrin was effective in reducing nitrate levels in cabbage and 
endive after 65 days of growth when applied to the soil in conjunction 
with (NH^j^SO^* However, after 45 days the levels of nitrate in those 
cabbage plants treated with (NH^)2S04 nitrapyrin were uncharacteris¬ 
tically higher than expected when compared to levels in plants treated 
with the same nitrogen source but without the inhibitor, and differences 
between the two groups were minimal. One would expect significantly 
lower nitrate levels in plants treated with nitrapyrin as was the case 
after 65 days. 
Another result that is difficult to explain is the fact that signi¬ 
ficant differences among cultivars of cabbage in nitrate accumulation 
present after 40 days were not evident after 65 days, This is especially 
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confusing in light of the significant differences observed in the field 
study, where longer growing periods were involved. The lack of signifi¬ 
cant differences after 65 days is most likely due to the fact that a 
large variability in replicates resulting in a large error occurred in 
the 65-day plants when compared to the 40-day plants. This large error 
reduced the variability attributed to cultivar after 65 days. 
It is generally agreed that plants supplied with ammonium often 
contain lower concentrations of inorganic cations including calcium, 
magnesium, and potassium, than plants supplied with nitrate (39). Coic 
et al. (19) illustrated a reduction in calcium, magnesium, and potassium 
in plants sustained on ammonium nutrition. Dibb and Welch (22) showed 
that calcium and magnesium content of com decreased as more of the 
nitrogen was supplied as ammonium, but they also revealed an increase 
in potassium levels. Barker (unpublished data) showed a decrease in 
magnesium and calcium levels in radish shoots due to the presence of 
nitrapyrin in the soil. He suggests that this pattern of cation accumula¬ 
tion together with observed chloroplast degradation may be indicative 
of ammonium toxicity. 
The data on calcium levels showing a decrease in the presence of 
nitrapyrin is consistent with results obtained in the above-mentioned 
research. However, the results obtained with magnesium are quite differ¬ 
ent from previous research on other crops showing a decrease in magnesium 
content under ammonium nutrition. It is quite apparent that in cabbage 
and endive ammonium nutrition actually enhanced magnesium uptake. 
Finally, in both cabbage and endive, potassium uptake was enhanced 
by the presence of nitrapyrin, and this effect corresponds to a similar 
effect noted in com (22). However, this result is contrary to the data 
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of Zawistowska (55) which show a decrease in potassium uptake due to 
the presence of nitrapyrin. 
This research has shown that nitrapyrin at 10 ppm does adversely 
affect growth of cabbage and endive with respect to fresh and dry weight 
production and calcium uptake. The research has also shown that no 
adverse effects were attributed to nitrapyrin with regard to the 
magnesium and potassium status of cabbage and endive. Finally, this 
research reiterates the value of nitrapyrin in reducing nitrate accumula¬ 
tion in these crops when applied in conjunction with ammonium fertilizers. 
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TABLE 19 
AVERAGE NITRATE CONTENT OF TOP SIX INCHES 
OF SOIL IN THE FIELD 
Time, days 
Rate 
56 
of Application of 
112 
NH^N03, 
225 
kgN/ha 
450 
PPM NO^ 
0^ 22 21 29 15 
7^ 39 31 78 175 
14 35 50 88 320 
21 9 5 38 44 
28 16 39 47 80 
35 13 23 97 180 
42 19 45 162 122 
y Samples taken prior to treatment application. 
2 Days after application of treatments. 
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TABLE 20 
FRESH WEIGHTS OF CABBAGE AND ENDIVE GROWN 
IN THE FIELD AND HARVESTED AT MATURITY 
Cultivar 
Rate 
56 • 
of Application of 
112 
NH4NO3, 
225 
kgN/ha 
450 
Kg/plant 
Cabbage 
Chieftain Savoy 2.4 2.1 2.1 2.9 
Savoy King 3.1 3.5 3.9 3.6 
Savoy Ace 3.3 3.1 3.5 2.7 
Harris Resistant Danish 1.9 2.0 2.0 2.0 
Market Victor 2.1 2.1 2.3 2.0 
Market Prize 2.9 2.7 2.5 2.4 
Endive 
Green Curled 0.6 0.8 0.5 0.6 
Florida Deep Heart 0.9 1.0 0.8 0.9 
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